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U.S. National EVALI Statistics (Feb, 2020)

Centers for Disease Control and Prevention:

• 2758 EVALI cases nationwide (all 50 states)

• 64 deaths (more under investigation) (28 states)



Vaping Lung Injury Outbreak – California Data as of February 2020
E-cigarette or Vaping Associated Lung Injury (EVALI) 

Update Report 2/11/2020 

 
Table 1: Case Characteristics 

Total Cases 208 
Number of California counties reporting cases 31/58 (53%) 

Data below are updated as of 1/7/20 based on 192 cases 
 
Sex 
   Male 119 (62%) 
   Female 73 (38%) 

Age  
    Range  14-70 years 
    Median 25 years 

Severity of illness  
   Required admission to Intensive Care Unit (total) 87 (45%) 

Ages 0-18 16 
Ages 19-26 27 

Ages 27+ 44 
   Required mechanical ventilation (total) 54 (28%) 

Ages 0-18 9 
Ages 19-26 19 

Ages 27+ 26 

Deaths 4 (2%) 



Table 2: Case Interview Data1 

 

                                              
1 Denominator is number of cases interviewed. Percentages may not add to 100 due to rounding. 
2 Hispanic/Latino persons could be of any race; persons reporting as non-Hispanic/Latino or not reporting ethnicity were categorized 
as white, black, Asian/Pacific Island, or other. 
3 Patients were allowed to select more than one option, this includes multiple responses. Percentages will not add to 100.   
 

Total Interviews Completed 111/208 (53%) 

Race/Ethnicity2 
    White 47 (42%) 
    Black 3 (3%) 
    Asian/Pacific Islander 4 (4%) 
    Hispanic/Latino 48 (43%) 
    Other 4 (4%) 
    Declined 5 

Reported vaping practices in the past 3 months3 
Vaped product containing THC 92 (83%) 
Vaped product containing CBD 39 (35%) 
Vaped product containing nicotine 51 (46%) 
Vaped nicotine products only 10 (9%) 

Vaping Lung Injury Outbreak – California Data as of Feb, 2020



Timecourse of Cases in California



What we know so far…
PRODUCTS
THC oils (83% of cases)
Nicotine only (9-10%) – accuracy of self-reporting?
Vitamin E Acetate (70% of the THC oil users with 1 or more)

SOURCES
Unlicensed (“informal”) sources (majority, difficult to define) – 75% of cases

DEMOGRAPHICS
Wide age range (14-70 yo), median = 25 yo
73% vaped daily.  35% more than 5 times/day

CLINICAL
Unresponsive to antibiotics
Responsive to corticosteroids
Delay in onset of symptoms by days (median from last vaping = 3 days)
Ground glass histology, “tree-in-bloom” opacities on scans



Looking at Potential Causative Agents for EVALI

Historical Exposure? Consistent with EVALI?



Vitamin E Acetate – many questions  
September 2019

New York State - many of the products had high % (16-57%) alpha tocopherol acetate (VEA)

• Found in many of the products and all (29/29) BAL cases initially.  >90%.

• No known pulmonary toxicity (high doses?) (Hybertson et al., 2015).  Low oral doses protective.

• VEA is synthetic.  Poorly absorbed compared with vitamin E

• Overload phenomenon of lung clearance?
• Why the delayed time course of symptoms/signs?
• Why wouldn’t every person get the disease? 
• Did each and every case investigated have evidence of VEA exposure?  

• Thermolysis products of vitamin E acetate?



Vitamin E as a Pulmonary Antioxidant

Am J Respir Crit Care Med Vol 166. pp S62–S66, 2002



Patented Process for Vitamin E to Produce Cannabis Oil - 2016



Why the Mechanism Matters

POLICY development: 
If policy is specific to VEA but mechanism for EVALI is not directly 
related to VEA, then regulatory actions might result in regrettable substitutions

CLINICAL:  
A better understanding of the mechanism may 
facilitate an improved therapeutic approach and outcome



The Evidence on Lipoid Pneumonia (Butt et al., 2019 NEJM)

Conclusion:  EVALI patients do not
have exogenous lipoid material in
their lung macrophages



“Noxious Chemical Fumes”

'Chemical Burns' Seen as Possible Cause of Vaping Lung Damage

Lung injuries from vaping probably result from direct toxicity or tissue damage caused by noxious chemical fumes, 
rather than from an accumulation of lipids in the lungs, pathology data suggest.
"We were not surprised by what we found, regarding toxicity," Brandon T. Larsen, MD, PhD, a surgical pathologist at the Mayo Clinic, Scottsdale, Arizona, and a national expert in lung pathology, said in a news release.
"We have seen a handful of cases, scattered individual cases, over the past two years where we've observed the same thing, and now we are seeing a sudden spike in cases. Our study offers the first detailed review of the 
abnormalities that may be seen in lung biopsies to help clinicians and pathologists make a diagnosis in an appropriate clinical context," Larsen said.
To learn more about the pathology of vaping-associated lung injury, Larsen and colleagues studied lung biopsy specimens from 17 patients (13 men; median age, 35 years) who reported vaping and who were suspected of having 
associated lung injuries. Two of the patients were from the Mayo Clinic, and the other patients were from elsewhere in the United States. Most (71%) of the patients vaped with marijuana or cannabis oils.
Larsen and colleagues' findings were published online October 2 in the New England Journal of Medicine.
All of the patients had bilateral pulmonary opacities; 15 of the patients presented in 2019.
All of the lung biopsy specimens revealed "patterns of acute lung injury, including acute fibrinous pneumonitis, diffuse alveolar damage, or organizing pneumonia, usually bronchiolocentric and accompanied 
by bronchiolitis," the authors explain.
Histologic findings were nonspecific, but all cases were characterized by foamy macrophages and pneumocyte vacuolization. Pigmented macrophages were sometimes seen, but these never predominated. There 
were often prominent neutrophils; eosinophils were seen rarely; and no granulomas were seen.
Bronchioloalveolar lavage fluid was available for two cases. They revealed "abundant foamy macrophages." Two patients who had diffuse alveolar damage died.
The researchers saw no histologic or radiologic evidence of tissue damage resulting from an accumulation of lipids such as mineral oils, which until now have been a suspected cause of vaping-linked lung injuries.

"While we can't discount the potential role of lipids, we have not seen anything to suggest this is a problem 
caused by lipid accumulation in the lungs. Instead, it seems to be some kind of direct chemical injury, 
similar to what one might see with exposures to toxic chemical fumes, poisonous gases and toxic agents,"
Larsen 

N Engl J Med. Published online October 2, 2019.

https://emedicine.medscape.com/article/2500032-overview
https://reference.medscape.com/drug/cannabis-ganja-marijuana-343687
https://www.nejm.org/doi/full/10.1056/NEJMc1913069
https://emedicine.medscape.com/article/961963-overview


Fitting the Pattern of Toxicity

• ‘New’ in public health

• Highly toxic but without good warning properties

• Formed under heat and in presence of heating element

• Extremely toxic to the lung, with a delayed onset of symptoms

• Forms in mostly hydrophobic conditions



Physical/Chemical Properties of Vaping Products

THC vs Nicotine and Carrier
Physical Properties

Property THC Vitamin E 
acetate 

Nicotine Propylene glycol 

Boiling point (C) 155-160 184 247 188 

Water solubility 
(mg/L) 

 
2.8  

 
< 1  

 
1,000,000 

 
1,000,000 

 

H2O

“Propylene glycol and glycerol are both hygroscopic, thus e-liquid will 
always contain at least a small amount of water, whether by design or 
happenstance.”

- Jensen, 2016



Huang et al., 2015.  Acute Respiratory Distress – Occupational Literature

Ethenone – aka “ketene”

*Delayed ARDS after 5 min 
*Ground glass opacity 
*Corticosteroids

Oct 8, 2019



What is Ketene? 

…and why have we never heard of it…?



How is Ketene Formed?

National Research Council, 2014. AEGL Monograph on Ketene.

“In the laboratory, ketene is prepared easily in 
a “ketene lamp”, in which acetone vapors are 
passed over an electrically-heated tungsten
wire at about 700°C (Cameron and Neuberger 
1937; Hasek 1981).”



Toxicity of Ketene

“Ketene, like phosgene, acetylates free amino groups of 
proteins…”

“…phosgene and ketene may affect enzymatic activity in 
lung cells in a similar way, suggesting that their modes of 
action could be similar.”

“Similar to phosgene, the delay in toxicity observed with 
ketene results from the acylation of essential functional 
groups of enzymes and proteins in the lung rather than 
direct irritation by ketene or metabolites (Sciuto 2005).”

National Research Council, 2014. AEGL Monograph on Ketene.



Ketene Descriptive Toxicity in Experimental Animals 
(10-min exposures)

Species Ketene concentration 
(ppm)

Mortality Time to death 
(hours)

Rat 250
375

0/2
2/2

3 - 10

Mouse 25
50

0/10
8/20

1 - 16

Guinea pig 375
500

0/2
1/2

5.5

Rabbit 750
1000

0/2
1/2

0.8

Monkey 50
200

0/1
1/1

7.7

Cat 200
750

0/1
1/1

2.8

Ketene highly acutely toxic 
to multiple species, mice
and primates most sensitive

Lung the target organ.  No evidence
for acute systemic effects



                                                          EXPOSURE DURATION 

CLASSIFICATION 10-min 30-min 1-hour 4-hour 8-hour 

AEGL-1 (NON-DISABLING) NR NR NR NR NR 

AEGL-2 (DISABLING) 0.08 0.08 0.063 0.04 0.029 

AEGL-3 (LETHAL) 0.24 0.24 0.19 0.12 0.088 

 

Ketene Acute Emergency Guideline Levels (AEGLs)

National Research Council, 2014.  

Conclusion:  Ketene is super toxic to the lung (Category 1, under GHS Classification)

!!!!!!!!

Concentrations in ppm



The Formation of Ketene from VEA (Wu and O’Shea PNAS, 2020)



Thermolysis Products of Vitamin E Acetate

 
 
 
 

 
 

 
 

  

Source: Wu and O’Shea, 2019 



Acetone and Acetates

Acetone is a well known solvent for THC extraction

Wide variation in acetone content, non-detect to >150 ppm*

….Acetone, VEA, what about other acetates as starting materials?

*unpublished CDPH data



Ketene Formation from Carboxylic Acids

Including fatty acids,
propionic, butyric, 
valeric acids



Ketene Formation Using Catalysts, Using Silica

“The above results clearly demonstrate the efficacy of high surface 

area silicas for the production of ketenes from carboxylic acids. They 

further demonstrate that the surface area need not be limited to 

achieve selectivity, and that ketene yield increases with both silica 

surface area and hydroxyl population. Comparison of the dehydration 

behavior of C2 -C5 carboxylic acids in both TPD and steady state 

catalysis experiments demonstrates that the selectivity of ketene 

production by this route does not exhibit a strong dependence on 

carbon number.”

Watson et al.,1994 patent:



Sources of Acetates in Vaping Liquids

! VEA – under heat (Wu and O’Shea, 2020)
! Some flavorings (e.g. ethyl acetate, benzyl acetate)
! Butane, other solvents?
! Triglycerides/oils as a source of acetate?
! Glycols?



Formation of Acetates from Butane using Cobalt  

Reaction temp: 75-130 C



Metal Filament Composition

Nickel
Chromium
Lead
Manganese
Cobalt
Copper
Zinc
Ceramic (silica based?) heating components

Literature on metals in e-liquids:



Ceramics as Catalysts

“even heat distribution”
“nanoscale”
“powerful potency”

Ceramics and surface reactivity



Formation of Ketene in oil Vaping: The Perfect Storm?

Vitamin E Acetate, oil + THC/CBD

Ni, Cr, Co, Cu, Pb, Zn, Zr metal or ceramic/silica in filament, 
battery leads, and housing

200-400C

Battery
cartomizer

mouthpiece
+/- Acetone, etc



Revisiting Hypotheses

THC/CBD (and acetate?)
Coconut oil (MCTs)?
Vitamin E acetate 
Flavorings? Acetates?
Pesticides?
Terpenoids?
Synthetic cannabinoids?
Solvents/VOCs?

Can these form ketene under heat with metal/ceramics?

…and what about H2O content?



Summary
* EVALI cases began in early-mid 2019  
* Delayed onset of acute/subacute severe pulmonary damage  
* No reports of significant membrane irritation

* VEA in many patients/products, but not known to be toxic to the lung 
* Why vaping VEA acutely toxic to some people but not others?  
* Overload VEA/lipoid pneumonia discounted by some pathologists. 

* Ketene fits the toxicology/pathology
* Ketene is formed from VEA 
* Acetates and acetone are precursors in presence of metals and heat, under anhydrous conditions  
* These conditions exist in some THC vaping devices 
* Ketene is elusive and difficult to directly detect – research underway…
* Only small ppm concentrations of ketene needed to cause acute lung damage
(similar to phosgene gas).  Chronic low doses have not been studied.



Conclusions

Hydrophobic oils like VEA should be considered unsafe for vaping.  Role of water content?

It is unclear if water soluble oils, like coconut oil, also carry a degree of risk. Carboxylic acids generally?

Residual solvents, like acetone, butane, ethanol, ethyl acetate, etc…, could play a role in ketene 
formation and should to be strictly regulated in all vaping products

The role of specific metals or ceramics in catalyzing acetate and ketene formation needs to be studied



Pre-print: Attfield et al., 2020. Potential of Ethenone (ketene) to Contribute to E-
cigarette, or Vaping, Product Use–Associated Lung Injury

file:///doi/abs/10.1164/rccm.202003-0654LE
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